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Amethod is proposed for the extraction and spectro-
photometric determination of Rh(III) with a-benzoin-
oxime. Rhodium gives a yellow chelate at pH 2-8
with the reagent which is extractable into chloroform,
and showing the maximum optical density absorbance
at 390 nm. Beer's law is valid at 390 nm for 5-35 J1g
of rhodiumjml, The optimum conditions for extrac-
tion, nature of the complex, effect of pH, reagent con-
centration, diverse ions, etc. on the extraction behaviour
have been discussed.
LITERATURE shows only a limited number ofmethods for the extraction of rhodium(III).
Treatment of Rh(III) with thcnoyltrifluoroacetone-
gives a yellow product that call. be extracted with
acetone-xylene mixture (1: 1) in the presence of
perchlorate as salting-out agent. At pH 6-8, on
warming with 8-hydroxyqui!l.0Iil'.e Rh(III) forms
an extractable cornplex''. It can be extracted o~
heating with 8-mercaptoquinoline3. I~ hot cond~-
tion rhodium forms a green chelate WIth 1-(2-pyn-
dylazoj-z-naphthol-, extractable into chloroform.
Rh(III) complex with sodium dicthyldithiocarbarnatc
is extracted after 24 hr equi libra.tion". Phenyl-
thiourea or 2-mercapto-4,5-dimctltylthiazole6 has
also been used to extract rhodium. Recently Siudh-
wani and Singh? studied the extraction behaviour
of Rh(III) with acenaphthenequiil.onemonoxime.
In the present communication the authors propose
a method for the extraction and direct spectro-
photometric determination of Rh(III) with «-benzo-
NOTES
in oxime. This reagent has been used earlier" for
the extraction of Cu, Mo, W, etc.
Absorbance measurements were carried out with
the help of a Beckman DU2 model spectrophotometer
provided with optically matched 1 ern quartz cells.
«-Benzcinoxime (BDH) solution (1%) in ethanol
was used as the extracting agent. Chloroform was
distilled before use. Buffer solutions of different
PH were prepared by standard procedures.
A- stock solution of Rh(III). con tainin g 0·979 mg
Rh(III)Jml was prepared by dissolving 0·2505 g
of RhCI3• 3H20 in 50 rnl water. The test solution
was prepared by suitably diluting a portion of the
stock solution so as to contain 391 [.tg RhJml and
was used throughout the work.
All other chemicals used were either chemically
pure or reagent grade materials, unless otherwise
mentioned.
General procedure - An aliquot (1 ml) of Rh(III)
test solution was diluted to 15 ml with buffer
solution of desired pH. 2 ml of 1% ee-benzoinoxime
in ethanol were added to it and the solution warmed
on a water-bath for 40 min. When the colour was
developed the solution was shaken for 5 rnin with
chloroform (10 ml). Organic phase was separated
and the volume made up to 25 ml with chloroform.
The absorbance of the chloroform extract was
measured at 390 nm against a reagent blank solution
prepared under identical conditions. The reagent
shows negligible absorption at 390 nm. Rhodium
extracted was then determined from a previously
prepared calibration curve.
The extraction behaviour of Rh(III) chelate was
studied in the PH range 1-9 at different concen-
trations of the reagent. The results indicated that
the quantitative extraction took place at pH 6
in the presence of 20 ml of alcoholic solution of
ec-ben zoinoxime.
Calibration curve - The system obeys Beer's
law over a concentration range of 5-35 [.tgof rhodium
per ml of the solution. The optical density of the
chloroform extract containing Rh(III) complex
was measured at different intervals of time. The
coloured system is quite stable at least for 24 hr.
The molar absorptivity of the complex was 2'9 X 103
li tre mole'? crrr? at 390 nm (on the basis of rhodium
content) and sensitivity of the colour reaction
according to Sandell's definition was 0'06 [.tgRh/cm",
The composition of the complex was determined
by the mole ratio method. The results indicate that
the metal to reagent ratio in the complex is 1 :3.
Diverse ions - Diverse ions were examined to
test th~:r interferences on determination of 391 [.tg
of rhodium at PH 6. The following ions may be
tolerated when present in amounts ([.tg) shown in
paren theses: U (VI) (4000), Cd(II) (200), As(III)
(5000), V(V) (1500), Ba(II) (7000), Pd(II) (8000),
Pt(IV) (200), Ca(II) (7000), Sr(II) (7000), Pb(II)
(5000), AI(III) (500), Ni(II) (100), Co(II) (100),
Mg(II) (6000), Li(I) (5000), bromide (8000), sulphate
(8000), fluoride (8000).
.Presence of Th(IV), Zr(IV) and W(VI) interferes
WIth the colour development. Os(VIII), Ce(III)
and Ru(III) develop an intense colour with the
reagent in hot condition and hamper the procedure
and thereby must be absent. All attempts to mask
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these metal iois wi tit d: ffcrcn t masking agents were
u isuccessful. Presence of Cu(II) imparts high results
as it is co-extracted U «ler the experimental condi-
tion.
Different amounts of Rh(III) were taken and
determined by the recommended procedure. The
results arc fairly reproducible and accurate to within
± 1'7%.
The authors are thankful to Prof. H. N. Khastgir
for faci li ties.
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Extraction of Pd(lI) with triethylamine, pyridine,
2-methylpyrldine and 2,4,6-trimethylpyridine has been
investigated. Triethylamine has been used to extract
the iodocomplex of palladium. Palladium chloride
itself is extractable into pyridine and substituted
pyrldines in the presence of chloroform as diluent.
Effect of acidity, concentration of the reagents and
intereferences of some diverse ions have also been
investigated.
SOL VENT extraction of Pd(II) using differentamines and organic bases has been reported
by many workcrs'<". Tertiary amines have been
found to be the most useful. Early work on the
extraction of thiosulphate complex of Pd(II) with
various amines was discussed by Zeigler". Pyridine
has been used i 1 the extraction of scandium thiocya-
nate, Libelled with 46.3c into chloroforrn''. Rao and
Singh8 used pyridine-ethyl acetate (1:4) to extract
the metal xarthates.
The present work describes the results of studies
on the extraction of Pd(II) in triethylamine,
pyridine, 2-methylpyridine and 2,4,6-trimethyl-
pyridine.
The chemicals used were either chemically pure
or reagent grade materials unless otherwise men-
tioned. Aqueous potassium iodide solution (2 g
in 25 ml), chloroform (E. Merck), triethylamine (E.
Merck), pyridine (Polland), 2-methylpyridine (BDH),
2,4,6-trimethylpyridine (BDH) were used. A stock
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solution of Pd(I1) was prepared by dissolving 1 g
PdCI. (Johnson & Matthey) in 1 ml cone. HCI and
diluting it to 250 ml with distilled water. The
solution was standardized gravimetrically with
dimethylglyoxime" and was found to contain 2·538
mg Pd/m!.
Procedure - An aliquot of the standardized palla-
dium chloride solution containing 12'69 mg Pd was
mixed with a calculated volume of HCI to give the
des' red acid concentration. In case of triethylamine
as the extracting agent, 5 rnl of KI solution were
added and diluted with water to 20 ml. To study
the effect of pH, the appropriate amount of sodium
hydroxide solution was added drop by drop and
the pH of the resultiig solution was measured. For
the diverse ions the selected foreign ion was added
prior to the dilution step. The aqueous solution
thus prepared was shaken for 10 min with 10 ml of
the reagent concerned. To study the reagent con-
centration these were diluted with chloroform as
desired and 10 ml of these diluted solutions were
used. After extraction the organic layer was care-
fully separated from the aqueous phase. It was
then evaporated to dryness on a water-bath,
digested wi th conc. HN03 to destroy KI and any
other organic matter, cooled, diluted with water
and palladium estimated using dimethylglyoxime".
Furthermore the aqueous parts were estimated as
well to check the results.
It was observed that the extraction in the case
of triethylamine increased with the decrease in
concentration of HCI and amine which could be
due to the basic nature of the amine. The formation
of protonated species which was miscible with water
was more favourable at high concentration of amine
and HCI. The extraction with 100% pyridine was
not possible due to its miscibility with water. How-
ever, 100% extraction was possible at 1·5, 3·0 and
4·5M of Ht.l with 25, 50 and 75% pyridine i-i CHCI3
respectively. In the case of 2-methylpyridine and
trirnethylpyridine as extracting agents 100% ex-
traction occurred at rdatively lower acidities (Table
1). The effect of pH in the range of 1·6 to 12·3 was
studied on Pd(II)- TEA system and it was observed
that percentage extraction decreased with increasing
pH.
Effect of diverse ion» - The ions listed in Table 1
were tested for intcrefcrnces in the extraction of
Pd(Il) with various arnines. The extraction was
carried out at 0·75, 1·5 and 1·0M HCI with 25% of
triethylamine, pyridine and 2-methylpyridir.e res-
pectively, whereas 2M of HCI was chosen for
interference studies with 75% solution of tr+mcthyl-
pyridine as extracting agent. In the extraction
of Pd(II) with TEA, Hg(II). Pt(IV) and EDTA
interfered. Cd(II) , Hg(II), Ru(III) interfered in
the extraction with pyridine, whereas in the
extraction of Pd(Il) with l-mcthylpyridinc, Ru (III)
and EDTA interfered moderately. In Pd(II)-
trirnethylpyridine system, Th(IV) and EDTA have
been found to interfere.
In all the systems the time of extraction was varied
from 2 to 20 mii and the optimum period of extrac-
tion was found to be 10 min.
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